A total of 1,008 pigs [TR4 (Fast × L02 PIC; initially 70.6 lb BW)] were used in a 103-d growth study to determine the effects of Zn source and level on finishing pig growth performance, carcass characteristics, and economic return. The 6 dietary treatments were arranged as a 2 × 3 factorial with main effects of Zn source (ZnSO 4 ; Agrium Advance Technology, Loveland, CO, or Zn hydroxychloride; Intellibond-Z®; Micronutrients, Indianapolis, IN) and level (50, 100, or 150 ppm added Zn). The trace mineral premix was formulated to contain no added Zn. There were 21 pigs per pen and 8 pens per treatment. Overall, there was no effect of Zn source for growth performance criteria observed. Increasing added Zn maximized (quadratic, P = 0.007) ADG when diets contained 100 ppm Zn; however, F/G tended to worsen (source × level, linear, P = 0.068) as Zn from Zn hydroxychloride increased, but was relatively unchanged when pigs were fed increasing Zn from ZnSO 4 . Carcass yield increased (linear, P = 0.027) as Zn level increased. Pigs fed diets with Zn hydroxychloride had heavier (P = 0.041) HCW, and increased HCW ADG (P = 0.036) than those fed ZnSO 4 . Hot carcass weight and HCW ADG were maximized (quadratic, P ≤ 0.006) when diets contained 100 ppm Zn. There was a tendency for income over feed cost (IOFC) to be maximized when pigs were fed diets with 100 ppm Zn when economic analysis was calculated on both a constant day (quadratic, P = 0.059) and constant carcass weight (quadratic, P = 0.070) basis, respectively. In summary, these results suggest that a total of 100 ppm added Zn is adequate to maximize ADG, HCW, HCW ADG, and IOFC, but F/G worsened as Zn level increased. Zinc source did not affect growth performance; however, pigs fed Zn hydroxychloride had increased HCW and HCW ADG compared to those fed ZnSO 4 . Keywords finishing pig, zinc hydroxychloride, zinc sulfate
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Summary
A total of 1,008 pigs [TR4 (Fast × L02 PIC; initially 70.6 lb BW)] were used in a 103-d growth study to determine the effects of Zn source and level on finishing pig growth performance, carcass characteristics, and economic return. The 6 dietary treatments were arranged as a 2 × 3 factorial with main effects of Zn source (ZnSO 4 ; Agrium Advance Technology, Loveland, CO, or Zn hydroxychloride; Intellibond-Z ® ; Micronutrients, Indianapolis, IN) and level (50, 100, or 150 ppm added Zn). The trace mineral premix was formulated to contain no added Zn. There were 21 pigs per pen and 8 pens per treatment.
Overall, there was no effect of Zn source for growth performance criteria observed. Increasing added Zn maximized (quadratic, P = 0.007) ADG when diets contained 100 ppm Zn; however, F/G tended to worsen (source × level, linear, P = 0.068) as Zn from Zn hydroxychloride increased, but was relatively unchanged when pigs were fed increasing Zn from ZnSO 4 . Carcass yield increased (linear, P = 0.027) as Zn level increased. Pigs fed diets with Zn hydroxychloride had heavier (P = 0.041) HCW, and increased HCW ADG (P = 0.036) than those fed ZnSO 4 . Hot carcass weight and HCW ADG were maximized (quadratic, P ≤ 0.006) when diets contained 100 ppm Zn. There was a tendency for income over feed cost (IOFC) to be maximized when pigs were fed diets with 100 ppm Zn when economic analysis was calculated on both a constant day (quadratic, P = 0.059) and constant carcass weight (quadratic, P = 0.070) basis, respectively.
Introduction
Historically, increasing Zn above that provided from the trace mineral premix [generally around 50 ppm (NRC, 2012) 5 ] has not been added in finishing pig diets. However, some recent research suggests improvements in growth performance with increasing levels of added Zn (75 ppm), especially during the finisher period when ractopamine HCl is fed (Paulk et al., 2014) 6 . These studies suggest that further research is necessary to re-examine the Zn requirement of grow-finish pigs. Furthermore, while some nursery pig data are available to compare Zn sources, no data are available to compare the effects of Zn hydroxychloride, a unique form of inorganic Zn, to other more commonly used forms of Zn (ZnSO 4 ) in the finisher phase. Therefore, our study was designed to investigate the effects of increasing Zn from two different sources on growth performance, carcass characteristics, and economic return of finishing pigs housed in a commercial environment.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocols used in these experiments. This study was conducted at New Fashion Pork in a commercial research facility in Round Lake, MN. The research barn was double-curtain-sided with completely slatted flooring and deep pits for manure storage. Pigs had approximately 7.4 ft 2 /pig and each pen was equipped with a 5-hole stainless steel dry self-feeder (Thorp Equipment, Inc., Thorp, WI) and a cup waterer for ad libitum access to feed and water. Daily feed additions to each pen were accomplished through a robotic feeding system (FeedPro; Feedlogic Corp., Willmar, MN) . Research diets were manufactured in a commercial feed mill located in Estherville, IA.
A total of 1,008 pigs (TR4 (Fast × L02 PIC); initially 70.6 lb BW) were used in a 103-d growth experiment to determine the effects of increasing Zn from two different sources on finishing pig growth performance, carcass characteristics, and economic return. Pigs were allotted to pen based on initial body weight with 8 pens per treatment and 21 pigs per pen (mixed gender) and pens were randomly allotted to 1 of the 6 dietary treatments. The 6 dietary treatments were arranged as a 2 × 3 factorial with main effects of Zn source (ZnSO 4 or Zn hydroxychloride; Intellibond Z; Micronutrients, Indianapolis, IN) and Zn level (50, 100, or 150 ppm). All diets were corn-soybean meal-DDGS based and were fed in 5 phases (approximately 70 to 100, 100 to 140, 140 to 180, 180 to 230, and 230 to 280 lb) with ractopamine HCl included in the final phase (Table 1 ). The trace mineral premix added to all diets contained no added Zn.
Complete diet samples were collected from a minimum of 6 feeders per phase and combined to make 1 composite sample per treatment and phase. Economical comparisons were made based on both a constant ending weight and a constant day basis. For both, total feed cost per pig, cost per pound of gain, carcass ADG and F/G, value and income over feed cost (IOFC) were calculated. Feed cost was calculated by multiplying total feed intake per pig by a weighted mean diet cost on a per pen basis. Prices used for corn, soybean meal, and DDGS at the time of the experiment were $0.05, 0.14, and 0.04/lb, respectively. Prices used for the Zn hydroxychloride and ZnSO 4 were $2.80 and 0.69/lb, respectively. Carcass price at time of slaughter was calculated at $0.82 per pound. Cost per pound of gain was calculated by dividing the total feed cost per pig by the total carcass pounds gained overall. The value of the carcass weight gained during the experiment (gain value) was calculated by multiplying the carcass value by the product of the pen final carcass weight yield. Income over feed cost was calculated by subtracting total feed cost from gain value. The income over feed and facilities cost (IOFFC) was calculated for the constant market weight evaluation because pigs with faster growth rates will reach a 210 lb carcass sooner, therefore decreasing housing costs. Facility cost was calculated by multiplying the number of overall days the pigs need to reach a 210 lb carcass based on their respective growth rate by $0.10 per head per day facility cost.
Data were analyzed as a randomized complete block design using PROC GLIMMIX (SAS Institute, Inc., Cary, NC) with pen as the experimental unit. Hot carcass weight was used as a covariate for carcass characteristics including percentage lean, loin depth, and backfat. Both linear and quadratic effects of source and level were analyzed with significance defined as P < 0.05 and a tendency as P < 0.10 and ≥ 0.05.
Results and Discussion
The chemical analyses of the complete diets were similar to the intended formulation (Table 2 , 3, and 4). Total Ca and P concentrations were similar among diets across each dietary phase. The total analyzed Zn concentrations for diets formulated to 50, 100, and 150 ppm added zinc from ZnSO 4 ranged from; 83 to 202, 150 to 200, and 183 to 225 ppm, respectively. Total analyzed Zn levels for diets formulated to 50, 100, and 150 ppm added zinc from Zn hydroxychloride ranged from; 101 to 121, 128 to 176, and 178 to 226 ppm, respectively.
From d 0 to 33, neither Zn source nor level influenced growth performance. From d 33 to 66, there were no Zn source × level interactions for ADG or ADFI; however, F/G worsened when 150 ppm of Zn from ZnSO 4 was added, whereas, poorer F/G was first observed when 100 ppm of Zn from Zn hydroxychloride was added (source × level, quadratic, P = 0.007; Table 5 ). There was a tendency for ADG to increase then decrease (quadratic, P = 0.092) and ADFI increased (linear, P = 0.042) with increasing Zn. This resulted in poorer (linear, P = 0.001) F/G with increasing added Zn. Pigs fed ZnSO 4 tended to have better F/G (P = 0.096) compared with those fed Zn hydroxychloride.
From d 66 to 103, there were no Zn source × level interactions observed for ADG or ADFI; however, as Zn from Zn hydroxychloride increased, F/G became poorer (source × level, linear, P = 0.007). Increasing Zn increased ADG (quadratic, P = 0.001) and tended to increase ADFI (quadratic, P = 0.051) through 100 ppm, but when 150 ppm was included performance returned to levels similar to those fed 50 ppm. Pigs fed Zn from Zn hydroxychloride had greater ADFI (P = 0.026) than those fed ZnSO 4 . Feed efficiency improved (quadratic, P = 0.011) and was maximized when pigs were fed 100 ppm of Zn compared with those fed 50 or 150 ppm which had similar F/G.
Overall, (d 0 to 103), there were no Zn source × level interactions observed for ADG or ADFI; however, F/G tended to worsen (source × level, linear, P = 0.068) as Zn from Zn hydroxychloride increased, but was relatively unchanged when pigs were fed increasing Zn from ZnSO 4 . Final BW and ADG were maximized (quadratic, P ≤ 0.011) when pigs were fed 100 ppm of Zn. Carcass yield increased (linear, P = 0.027; Table 6 ) with increasing added Zn. Pigs fed Zn hydroxychloride had heavier (P = 0.041) HCW than those fed added ZnSO 4. Hot carcass weight increased (quadratic, P = 0.006) then decreased and was maximized when diets contained 100 ppm of added Zn. Similarly, pigs fed Zn hydroxychloride had increased (P = 0.036) HCW ADG. Hot carcass weight ADG increased (quadratic, P = 0.005) then decreased with increasing Zn and was maximized when diets contained 100 ppm of added Zn.
For the economic analysis when reported on a constant time basis, there were no source × level interactions observed for feed cost, carcass gain value or IOFC. However, cost per pound of carcass gain increased (source × level, linear, P = 0.002; Table 7) as Zn from Zn hydroxychloride increased, which may be attributed to the poorer (source × level, linear, P = 0.005) carcass F/G at the 150 ppm level. Increasing added Zn tended (quadratic, P = 0.098) to increase then decrease feed cost and was highest when diets contained 100 ppm of added Zn. Carcass gain value was maximized (quadratic, P = 0.011) when pigs were fed 100 ppm of Zn, which resulted in the greatest (quadrat-
When reported on a constant weight basis, there were no source × level interactions observed for facility costs, but a source × level interaction (P < 0.011) was found for all other response criteria. The interaction occurred because carcass F/G, feed cost, cost/lb of carcass gain, IOFC, and IOFFC were improved for pigs fed 50 or 100 ppm Zn, but poorer for pigs fed 150 ppm Zn from Zn hydroxychloride compared with pigs fed Zn from ZnSO 4 .
It is currently recommended (NRC, 2012) that finishing pigs are fed diets containing 50 ppm of Zn. From our study, it appears that there may be growth promoting benefits to supplementing diets with Zn beyond 50 ppm. The current study suggests 100 ppm of Zn maximizes overall ADG and BW for growing pigs from 70 to 280 lb of BW.
Previous literature suggests there may be performance benefits of added Zn during the earliest stages of finishing, but without any impact on overall growth performance (Paulk et al., 2014) 7 . In their study, the basal diet contained 55 ppm Zn from the trace mineral premix. An addition of 75 ppm of Zn for a total Zn level of 130 ppm did not improve overall performance. These results are not consistent with the findings of the current study which suggest 100 ppm of Zn maximizes overall BW and ADG. Our study also indicates HCW, HCW ADG, and IOFC were maximized when diets contained 100 ppm of Zn. However, Paulk et al. (2014) observed carcass characteristics and economics were not influenced by adding more than 55 ppm of Zn fed to pigs in the early finishing period, late finishing period, or throughout the overall finishing period.
In similar studies that evaluated increasing levels of added Zn from ZnO, a trend for improved feed efficiency was observed (Paulk et al., 2015) 8 . The same authors suggest pigs fed added Zn from ZnO have increased ADG and increased ADFI during the first growth period of their study, compared with those fed added Zn from ZnAA, but with no overall differences in growth performance. In this study, Paulk et al. (2015) used analyzed Zn concentrations ranging from 83 ppm (basal diet) to 267 ppm with the added Zn as ZnAA or ZnO. Although this range of Zn concentration is larger than that of the current study, the ADFI results between the studies are similar. Similar to our study, which suggests differences in ADFI for pigs fed different Zn sources during intermediate growth periods, these differences did not translate into the overall data. Interestingly, our data suggest overall F/G becomes poorer when pigs are fed increasing levels of added Zn; however Paulk et al. (2015) suggests increasing Zn tended to improve feed efficiency. Although the data are mixed on whether or not increasing Zn improves feed efficiency, the studies do agree that F/G is similar when pigs are fed diets containing different Zn sources.
In summary, our study suggests little overall differences between Zn sources on growth performance; however, pigs fed diets with Zn hydroxychloride had greater HCW compared to those fed ZnSO 4 . These results suggest 100 ppm of Zn maximizes ADG, HCW, HCW ADG, and IOFC when reported on a constant day or weight basis with a greater response in the later phases (d 66 to 103) of the study. This might suggest that duration of feeding elevated levels of Zn might influence the magnitude of response observed. As a result, more research should be conducted to determine if duration of feeding different levels or sources of Zn influences the magnitude of growth performance response observed. The vitamin and Zn free trace mineral premix supplied; vitamin A 1,867,000 I.U, vitamin D3 267,000 I.U., vitamin E 12,000 I.U, vitamin B12 7.334 mg, riboflavin (B2) 2,667 mg, niacin 8,000 mg, d-panthothenic acid 5,334 mg, menidione 667 mg, selenium 0.020, copper 10.8, iron 5.07, manganese 1.9. Vitamin concentrations are expressed on a per lb of product basis; whereas mineral concentrations are expressed on a total percentage of premix basis. Corn, soybean-meal and DDGS were calculated at $0.05, 0.14 and 0.04/lb, respectively. Test ingredients used were Zn hydroxychloride and ZnSO 4 and calculated at $2.80 and $1.10/lb, respectively. Grind, mix and delivery was calculated at $12.00/ton.
5
Carcass gain value was calculated using (total carcass gain × carcass price).
6
Adjusted to constant final carcass weight of 210 lb.
7
Adjusted using a factor of 0.005 for 1 lb change in carcass weight. 8 Income over feed cost = carcass gain value -feed cost. 9 Facility cost at $0.10/hd/day.
